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(57)Abstract 

PROBLEM TO BE SOLVED: To realize the low threshold 
value of a laser element and single mode thereof by 
providing a novel structure of a surface-emitting laser, 
consisting of a nitride semiconductor and a method of 
manufacturing the same. 

SOLUTION: An n-type nitride semiconductor layers 2, 3, 
an active layer 4 and a p-type nitride semiconductor 
layer 5 are sequentially formed on a first main surface 
side of a substrate, having a first main surface and a 
second main surface. A hole 100 is provided in the 
second main surface side of the substrate 1 and a first 
reflecting mirror 1 1 is provided at the bottom part of the 
hole 100, the outermost surface of one p-type nitride 
semiconductor is provided with a second-reflecting 
mirror 12 and the surface-emitting laser having low 
threshold value can be realized by realizing oscillation 
through the resonance of light emission of an active 
layer with the first reflecting mirror 1 1 and the second 
reflecting mirror 12. 
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'>^S:L^A I G-a-N«£Wnr«feX>. HMMlC+^yT 
l*A I G a NBOfEfflliglt-r. A I G a Ngli/O K 

tot, K^A"V^x^;u4r— <D'\^t^(r>mt^ 

mw^tztf. nmmizmft*&&i$;-rz>m-&iz&i\x 
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[0 0 2 6] K^V V Zfn*>\,*— A<*£l^ft 1 <D 

»b*^aw*)Bi=naTtt*t^< k- ft 

x i o17/om3~ 1 x 1 o20/cm3, £ £>|::£Fg; L < I* 1 
x 1 o18/cm3~5 x 1 0 19/cm3©iEH|c|lSf ^„ i 
x 1 0l7/cm3j:y ft 2 <Dg<bf$!)¥«ttJf 

tiCXt'ffffilcfcy. *fc-1 x i o20/om3j:y 

a*© y *y*-rH«fl-i=i&' 
1 ©s<b&#»{*ii «* y v>&i7-*i.isa < . »* l < i* 

1/1 0fel±'J?ftl^A<S^LLv o It!ff$L<lir> 

('~ ; am^-to. ft i 'o)m\t®i*mwmfrhfcWL lt < «n 

■" §&*mtisii<toV\ *©*I;J:1 x 1 o19/cm3KITA<a^ 
LIA. ni?^iLTIiS'i', Ge\ So. S, OH 
(DS^ftSftlVBS?. VI Bj&jcslt £J11RU W£L< I* 
Si. Ge. S^ril^in. C©fEffll*. 
K*V* ^x^/u#-A<*#^ft 1 ©3Ub«^*i*lil= 
n m^m&^'PiS. < K- ^ LT. k'^V ?x*m, 
*-*</jv£t^ft 2 0>aib1fe¥«f«:||l'= n S^Mfe'S* < 

* * -J It. * ;u=sf-*</jN $ i^mit wmtm&fB t © 

* s. £ m l < -r 5 C 1 1 r- # -5 „ 

[00 27] stM4iiTh£frtmbft¥*{*':- iff* 

L<I4I hXGa1-XN (0<X^ 1 ) J: V &-5#FJf 

C . it®*mft& y 4«Mtf & Lt-^mm^pm 

x h p— Aiy.T. it»SL<ii5 0f>^ha-A 

laTlCfHWS. ttMfi'l 5 0*>-?X hP-Alil 
T. £ 6I=#*L<{*1 O OT|->yx KD-AWT, £ 

[0 0 2 8] pffiiJ^'V KI5tnlB9 5'; KH 3<tl^ 

K4fA"> :7x*;u^-©*#&ft 3©M<b1$!l¥3£<* 

It, 13 coS<b^^<*H £ y t> / \* > b'* * 
;u*-<o/h $ &ft 4 ©sib&i^ttlf t Amm £ 4xr . 

•y FM3tmc<* i o o*><?x ha- AJiiT. $b 

ICW^L<I*7 0^>-7"X hP— AKiT. §t#£L< 
1*1 0~40t>^'7 hP— AOTSJllCpS-r-S,, IsJtf 

ft3<o^ib^i^<*iiii'>>a:< <tt,A i s#t?a<b 

Sfcl^aJH*. >f^L<liA I xGai-XN (0<X^1) £ 



/«S$-t+-5-iA<M*L<. ft4<DS1b^3«*l*»^ 
L < li A I yG a 1-yN (0^Y<1. X>Y) , I nZGa 
1_ZN (0^1) ©J;-5fc27c;1JI. 3 7c;UI©g<b 

[0 0 2 9] p«^5v KlfS^Stt^ftitfrSfc, 

3OTftffli:l^i:-t?fe-5A<, $blCnB«9l^)SLfe«^ 
icta*T*©J:5fcttffirf><fc£. an%. pS^btl** 

n'a«tft¥VftK:tt'<T. a«fttrL*A<2tiTW± 

y ; v f (Di&TtfmmtmixZo ml< wtmtztmt 

l^£-r-5ftm*^t.+fCL^ (ftfFft 2 5 4 O 7 9 1 
Q • cmKJl'±%)$)-6o ^-T-. C<7) p MH^ffitS^Ht f 

^ i- 1 1= * y !^fttt*<a < & y ; i «iiii±eT 
[ o 03 o ] P 7 -v kh 5 roft 3 <Dm.\t%>&m&m 

t ft 4 (DM^b1^4i^Bi:(D"p 97ft4fea&*<Jt& y . 

a« < ts : . h #>7 ^ ks 3 tmmz. k 

^f-©/J^ $ ^Cft 4 <D p STiMttSJt * < . »^ L < 

tr^fx'*;t*— (D^#*ft 3 0ft4ft¥»ft:S<D PIT 
*»1fc«jaE*-'h*' < Lt; /\> K4f 4 ^x^iu^-ro/h 

SF^fft4(D^b^¥^)l©p9^S3e#ljlJg$*^< L 

[00 3 1] ft3<D^b4Si^»)l^a)ji?*L^K-^ 

4<tL.TI*1 x 1 o18/cm3~l x 1 o21/cm3. £81- 
»ft< I* 1 x 1 o19/cm3~5 x 1 o20/ C m3(DffiHl; 

1 x 1 oW/cmS&V I'Pte^k. I^«l-ft 
4ro^b^¥««:Jl<ta)MA<'>ni:< #oT. f^flllc+A' 
•J T;1S<D7C#^BA<»«i+il- < L^lRllCifc y , 1 
x 1 o2T/cm3j:y *S a ^1±A<S< ^Ci)(Sl6]l- 

fe4. ft4a>S^¥»{*S©pS^«!felSSI4 
ft3ro^b1*l*^«:|fiJ:y : t'>'Eflt4il*a< . 5f*U< 

l»A<»Ofcto. ft3<DS<b^¥^ffliJ*^St^tLr < 4 
pS^JsSf&lAtfcy. ^(031*1 x i 0 20/01,3^ A<M 
*Lt^o pI^idrLTttMg, Zn. Ca % Baf 
CD^WttSftll Afe IIB«gi7c^^ii«?U. »SL<I± 

^x^.;U4f— A^#L^ft 3 (DM^b^ii«:|llC p 
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coo3 2] *e)i=*fcje«^$«fiK-r*a<b«sffi*«: 
k-?) tat** ^MiriftBj-r-s,*:, 

mx.lt nl^IitLTS i $K— ^"LfrA I G a N 
a, A I G a NI4S i $ K— ZTLXl^&tDX K.+-t L 
a N<D&m*tlZt$*& 9 G a N + K^— 
£§lf &IV ^«5fc»a^li#glCG a NjSS*$!ft< 

•5, /S> Kdf-V -y ?x*;Mf— <B*£lAA I G 

a N 0)4"D«JSI= n fi=F*MJB*MMEl=:K^^r * tja 

«I4£ gp*,G a Nef^&M-r&ttT-lC 

<fcoTI4, A I G a N4MX#;£;fr& nM^t$$K:*-> 

G a .Ng(DJl$^|p]|^UTM^gi5^T> K — Zfb~t& 
tS i ©»a*Sltl=,< < &-5<7>"C $ £>l-7> K — y 
G a NJia3^i!lS*<lSl±-r€)CD-e35-5i rtffllitTIS, 
S A«, P MHO* 3 <DSlb1$!l¥3?t*Jl i: % 4 CDg<b ft.*"- 

Sfl £ '> < * -5 A V • -S L n I* 7 > K— ^ t "T & Z t a 

*<fe 5 t J: y mm A'llJ L S£ L IK 
[0 0 3 3] mi.rom3SRaJtll6;- ST2(Dtt3iiR§.l]:Jf 7 

y. n coassERi^ji 6 $ P ^s^b#i#«tt:in?ff$»a . 

m2<OS;7iEISjhll7$n^Sjb^»«:-C?ff$ii£-r 

<it.Al^tlftl¥S(*. S?£L<I*A I Y G a, 
1-YN (0<Y^1) r-^/S-T^Ci:A<S^LL^ ftlCA 
I XAlt (Yffi) A<0. 4fel±<D^b^*«:^fi£S$ 

fijffiL-c, a i sajtoxi* i m<z>mit®}*mi* : £i$.m 

I*. ftizn 1 CD«;7iEllJhJl t»2 (DUSSEBihJB t X j£ n 
~P*f^ it. ffijgfttttt 1 OttSEBiLft® 

<fcl\, ^fcCOTliSftlSltJf l*S i 02, T i 02. 



z r 02<n&5tei&B&ttnx'mm-?&zttX'£z. 

[003 4] pln^^ M8l*pi(DI nxAlyG 
ai-x-YN (OgX. 0JY, X+Y$ 1 ) T?1tfi£-r£C <t 

Mg£ K— ^L/=YM)ti<0. 1 JaTOA I YG ai-yNi- 
■t^li, p Hf£9 tfit»* Lt^^-- 5 -y <7 Sfl4A<# f> 
*t-5» pffl|a>5i.^ hB8<7)mJ?l*5 0Ot->^ ha 
— AJilT, *&l=».*L<li.3-0 0*>.Sf* ho— AJil 
T. St*f*L< 142 0 0t>^>O- AKlTlZiSfi 

■r s c t iz j: y ; $ & icsstm*^T-r ^ * . mmx- 
fe&2it&frmtf$<te^x&fcmwi&TLx>?i\mft 

[003 5] 1 <om 2 ©3EffiM(=7l 1 O 0 

«*i*Jt.ffl!.«»*l»^y«|llfl|** 2 ©iffifiij 

IwSSJfcb.fc&v . i-yf ^-n^it'llSt^So x-v 

5 X ^ > 5 »* L < K 9 -f .x.t> * > y 

^fflt^i.„ K^-T LTI4, SlStt 

-f^-VX-y^V-y* (R LE) , J5JC14-<^->t'-ixX.-y 
(R I.B-E) , ^*^vf.^.p» hP-i/OL y * > y 
(ECR) ; -rJt->f-Ax>y5 1 >-?*l?.ro^aA<fc-5 

[0 0 3 6], , 

icotvr, «i=»«-r.*% . - • • 

[0 0 3,71 . v] ^"TX tz&JV i 111) IS 

E;£^ffl L^T 5 0 0 "CX G a N <fc fj ^.v \* -y 7 t Jl ^ 2 

ooty^.hp- A©Jil?LH?jSfi$iJ-. jjjizi 050 

°Ct?S i$1.x l Ol9/cm3K-^UfcnMGaN)l$ 

4 y m<Dmmx&L-§; t<-&$ 0 

[0 0 3 8] 9UzmC< 1 0 5 0 ? CT'S i £ 1 x 1 0 19 
/cm3 K-?tfcnlA I o. 3G a<). 7N«fc L J JSSS 1 <D 
H^4 07|->yx hP-A/Sfi^-fr, iS|l^T7 r >K-^ 

(undope) G a N J: y ?S-5^ 2 <7))f ^ 4 0 stls?* h □ 

mm y « l . it * y & -a n m<? v kb 3 

$0 . 2 ym(7)^Ji:T?J5ES$l±4 0 
[0 0 3 9] ;jRlC;gJS$8 0 OtlcLT, 7>K— ^ I 
no. 2G ao. 8N J: y)S^#p|f ^2 5^->^'X hP— A 
roMJl-efiEg$-ti-. StL^rTV K— ^ I nO.OlGao. 95 
N«J:y^-5PeS)l$5 Ot>^ KP— AOHilriigg 

Lfcglfl 7 5^->-^x KP-A©^S*^#P«it 
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(MOW) (DSttJl 4 -So 5SttH4l**Hlifi 

B. iiII^l:K-^LTt6<. lvT*l*-*l-K 

[0 0 4 O] JJJICSS^ 1 O 5 0°ClCLr. Mg$1 x 

1 o20/ cm 3K— 3fLfcpSA I 0.3G ao. 7N 
f&30)B£4 Ot>yx hO— Afifcfi^tK rg|lvTT> 
K— 3f (undope) GaN*y4lil4<Di$40t^' 

h 2 5 mm y s u 3A8«fi»j: y fc§ P ^ ? 

K@5£0. 2 jum<DMJ5-efiE^$^-So 
[004 1] p ^ KB 5 fig^L *7 x— /\£ J£j£ 
Mfii&B-lJ£U S i O2<fcy#-5 4/im0O)£gffi 

2 o$^o)fiai=«stff^-r^, ftiR2o»Aifi«) 

^x-/\(D8toW*W®0;!><l2 4^fc.5 o 
[0 0 4 2] iil2 0Mt. ^i-MfR I EgB 

B^X-y^^U nfliJ=J>*$ hB2<7)gffi$giij£ 

[0 0 4 3] x-y^>^. ffiSISilj)cLfcS$, S 
SOx— AfMOVP EKJ£§S§l-#atU 1 050°C 
■Qmtb£-&tznm^l'5' / 7 h@2<0SSl:Z nj 1 x 1 
Ol9/om3K— ^"UfcA I 0 . 4G a o. 6NB J: U fc-53& 1 
(D«35Eia±H6$0. 2 1'i/m<Dffl|-J»-i?*«:*-e-, USSf 
tS i $1 x 1 o19/cm3 K — ZfLtzA I o. 4 G a o. 6 N 

«fcys-5m2coa3iERajhji^ o. 2 1 u m<DMJi-ejss 

£-£-5,, »1 ©msSISihjSlipM^^t LTZ n $ K 
— ^LLXl^. 2n liM glctt-<TjS14^AMS< . 

pSKfcyi::<tMMt**L-ci3y, us** a i suit 

#til^fe«>. *-l <D«S*E±Btt¥IMtttl=ifil^ fifcS 
[ O O 4 4 ] ttftRBjLV 6 ■.■ 7 ^i-nJSfE 

Mfr&aygu fitKK2o Lfe«, nit 

SJCgSWICT, 1 O 5 0 o CT?lg2<7)m3S|!§Jh]i7, p 
§i\<7 =5 v KB 5 mmmzM gjixio 20/cm3 K— Zf 
L/=p^GaN<tyj5:SpiBlj3>^^ hl7^200t 

[OO 4 5] ia±OT<fc3l=LT^b^¥4itt:£j£:gL.fc 
Ox-/\^JSP&^^^.ISyf£L, S<t$l¥3H* 
L."CL^^CL^ffl||(7)StS 1 0)P)f5£©(ifi|::ffi§iJIB2:ff2)i£L.» 
«^£J&J*LTl*fcl^8I5#£x-;/^>?'L-C. 0 8IC 
<fc 5I-2 O ju m<£<D?L 1 0 0$Mt5. 711 0 0 
0>aS$l*fl.1 O OCDfe&k. nMV^v KH3<t(Dmgt 

[OO 4 6] fl-1 O Off^^x — /\£CV DgfilC^ 
&L... S i 02tT i 02<ta>gf1it*:#BI!gA N SM 
COSttMl 1 H8|rjF-r.fe5l-fl-1 O OOJSSPlcff^ 



JitrSo — pfflavS^hBSOTaSKififtSOTfl* 
ft<D%mm$tef$.LX, 0 81-jjVf <fc-5C:2 O tfm#(D 
m2(DSSt^1 2£tetfL?%>o Z*l£>0)&.Mm*4 1 0 
n mOfe&ifc^Kfct LT 8 0 %JiLta>KSt*£*-f £ J: 

[0 0 4 7] R(r^<7)ffJttCD-7^>7$^J5£LT. p 

$Jzj>$? hB8ffl!lfr«bx-;/? i >?"£m\ n§9=l>$ 
? hB2(DSE£8ai;*t!\ SUiLfcnfii|Z3>5«^ F-B 
2I=I*T i/A I J:yJtf-5nSSl 0 £fl*fi£U 
±HOpfflll=l>^^ KB8a>8®0)fg2 0)£at^1 
&<I5I§:±o5I=N i /Au iySii pSM9^ffJ)i^■r 
^„ SSff$fi£^<D^ig^-rBrSjEA<El 1 . ^PSH^Iil 
2-r?fc«„ W±(75j:5lCL-CI<l±<n«J: : 5lcLTf^S!Lfc 

¥3H*L/— tfm^liitSLT. ift 1 / 3 O CDSSSt? 4 O 
8 n'm<D^aiSISaSfi£*U 3MpI* 1 #)U±-efeo 

[0048] [sisstw 2 ] mmm 2 i*b 3 tstizvim-t 

•5, 7Sffi<7)±lrJ5e^$-y-fc6 0 UTntoW-Z* 

1 x 1 619/cm3s i K— ^"G a NSfi1 ' 
S-T-5. C<DGaNlSl' 0±|CMOVPEgifffl 
L^T. 1 050tT*S i $5x 1 0l8/cm3K-7"Ufc 
GaNiyMA'-^TlZ' £ 1 jUm<DJ!S®-C?j£ft£ 
^fcZ(D/^^7T)l2* li*Jt«i1l=te^r5 0 

0 tcDigjgr-fiES Utzrtv z? 7 mt I*E»J ^F+tS. 

[0 0 4 9] C(D/\'->t7Tll2' <0±(CffelSi:*i:l^«l= 
LT, jS»^fcie«fcyfc*nffl|*7-y KB 3, 
4, pffiij^7-v Kit 5, «10>«3KffljtJ|6.' m2rom 
aEIBihB7, pfflija>^^ KB8$fiE^$i±-So 
[0050] pfflij=>-5f^7 H8Mf; ^7 7-f7l 
yi»*L, GaNlffiT ©*ffi$Stli$ 
^(D^IISS^II t^i:Lt« GaNSif'"fl5 
B2<D^®fflillr 2 O x/m00?l1 OO^It-iu ^C^ft 

1 O O(75lga50>S§8t£:, n fli)^ 5 KH 3 i:(DS§glli 
0. 1 SKI-, ?L1 0 O0«g|5lCS|«^ 
^BM<fey5:^Sia)J5lt«^^fi£L, pffla^-J'^K 

HogBi^t, 2 o a/ m <t> <»mww&m m <t y uz>% z <n 

[005 1 ] ;*lCP^lrJ:ySaiLfcGa Nttffil' (D 

is«*bi=t i/A i .fcy^^nms^iftit, s^i 
t mm- is-*fmmz*:tztz?>. mmmi tmm& 

[005 2] [HSS0!I3] SIJS«>J1 l-fctxr. nfflj-?^ 
•v KB3 J&gftl::. Sijixi o19/cm3 K— 7Ltz 
GaNj:y)S4f 2(»iJ40t>^Xha-At > 7 
> £—y<DA 10. 3GaO. 7Nj=y^-5^1 0>B$4 0^- 
>^HD-AUUtT > CCD^T^2 5|Hfi£gS 
■B\ ^K)¥0. 2 jum (2 O 0 07|->-yx (•□- A) <D 
^»^it«fcy^*nffli]^^-v KB3^JSS$-S. * 
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fc. pM^^y KH5fi)tgB$IC. Mg?1 x 1 O20/cm 
3 K— ^LfcG a N<fcy&-5£l4a)Jf £4 O*:^*;* h 
a— At, 7>K-^(DA I 0. 3G ao. 7N *y^4»3 
<D@£4 0*1/?-* Kn-Aj«g$1+T. "(73^T^ 2 
SSfiSg^tN IgKIfO. 2//m (2000t>^h 
Q-A) CDiSte^HftitJ: y pffiij? ^ •;/ KM 5 £j£g 

[0 0 5 3] 

flifcu— tf^TliSffit^E^Slcfiitu L E D (Dek 
5l=«l^|Bl<^)3t(D^l^^*<l^^:^<^:'5:l.^o -€-CDfc#u -ft 
<DH? x-y\|c«IS(DS'tt^S$^S-r & C t lc <fc y ¥9 
<*-t;x-/\r-®ttpt3iA<r-^^)„ *#irg<bfJ!i3±jH* u- 

-tFlSHH* 380nm~450n m<D!&. 
»*SS3feffl=*:b**3I£LT*JflI-*-*i: % *x*;u 

[0S<z>»Jtifci&i!fj] 

[0 2] Hi <DU— 'p«I«fr&jlfc?FHi 



[0 3] *^BJ<Dffi©Hii5«lJlr«SU-^^-(7)«iit 

[04] *«wo*aio-xfii=fei^T»&*t*a<b 
[05] **wo*a<o— iai=fei^r»6*t*a<b 

ft¥tttt4 x-/\<Dtt££*-r«aBriBia. 

[06] *#&BJ<D;£}£<D^Ig|-:fc^T*#b;h.$g<b 
&MV1*4 x-/N©«jft**-r«SBfS0o 

[07] *#^J(D;£&<D-XfIlcfc^T^b;h.-5g<b 
«B¥*{t4 x-/s<D^it$*-r^xCBr®0o 

[08] *SBH(D*5£<D— XSI=fcL^T»&*t5S<b 
^4^*<*0 x-/\<D«it^^-r«^Bf00„ 

[ft^OTlftHJ] 
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1 O 0 
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nfflSni/'*? hB 

n ffllj^ 5 -V KB 

m 1 (DmssBihB 
S2(om35iaitH 

pffl!j3>^^ KB 

p«s 

• I iffiJSWt 
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